al., 2014; NOCA, 2005; U.S. Department of Labor, 2014) . There are different types of credentials, however, and the differences between them are important to consider in relation to what might be expected in terms of outcomes attributable to each. The National Organization for Competency Assurance (NOCA) 2 defines four major types of credentials: licensure, professional certification, registration, and accreditation (NOCA, 2005) . The definitions are shown in Box 1.
Box 1 Definitions of Types of Credentials

Licensure
The mandatory process by which a governmental agency grants timelimited permission to an individual to engage in a given occupation after verifying that he/she has met predetermined and standardized criteria and offers title protection for those who meet the criteria
Certification
The voluntary process by which a non-governmental entity grants a timelimited recognition and use of a credential to an individual after verifying that he or she has met predetermined and standardized criteria. It is the vehicle that a profession or occupation uses to differentiate among its members, using standards, sometimes developed through a consensusdriven process, based on existing legal and psychometric requirements.
Registration
[First, registration is defined as] the process by which a governmental agency grants a time-limited status on a registry, determined by specified knowledge-based requirements (e.g., experience, education, examinations), thereby authorizing those individuals to practice, similar to licensure. Its purpose is to maintain a continuous record of past and current occupational status of that individual and to provide title protection. A second meaning of registration is a listing of practitioners maintained by a governmental entity, without educational, experiential, or competency-based requirements; for example, maintaining a list of practitioners on a state registry. A third use of the term registration is a professional designation defined by a governmental entity in professional regulations or rules. However, the governmental regulatory body does not itself maintain a listing or registry of those who purport to meet registration requirements. Verification and authentication of such individuals are left to the employer of the individual claiming to be registered.
Accreditation A voluntary process by which a nongovernmental agency grants a timelimited recognition to an institution, organization, business, or other entity after verifying that it has met predetermined and standardized criteria. At the individual provider level, licensure, certification, and registration are intended to recognize levels of achievement and competence. Generally speaking, licensure indicates attainment of a minimal threshold of competence necessary to provide care in an unsupervised context. Professional certification, on the other hand, generally includes requirements for advanced training and additional assessment (s) . There are at least three meanings for registration, as shown in Box 1. Educational programs or health care institutions seek accreditation as a marker signaling to the public and various stakeholders that the institution has met agreed-on standards. The different types of credentialing are often linked. For example, in medicine, licensure and American Board of Medical Specialties certification standards include requirements for completion of an accredited training program (Sharp et al., 2002; USMLE, 2013) . There can also be linkage across the individual and organization levels, whereby the organizational credential may depend, in part, on the credentialing status of individuals within that organization. Those who conduct credentialing research and those who use science in their program and policy decisions must understand the underlying differences in the types of credentials, as well as the psychometric properties of various assessment approaches for each.
In addition to considering the different definitions of the various credentials, investigators who conduct credentialing research must ask the following: What does the focus of my research-the credential-represent conceptually? Human capital theory suggests that the process of attaining education is evidence of acquired skill (Becker, 1962; Schultz, 1961; Sweetland, 1996; Weisbrod, 1962) . Thus, the credentialing process should facilitate skill acquisition through additional education, training, and assessment. The credential signals that this process has occurred and that skills have been attained. At the organizational level, the credentialing process should lead to organizational change, and the credential indicates attainment of specified organizational and/or cultural benchmarks. Viewed from a human capital perspective, the person or organization is fundamentally changed for having gone through the credentialing process and is expected to perform better because of the acquired skill or knowledge.
There is an alternate perspective-signals of educational and skill attainment (e.g., credentials) might be a marker of intrinsic traits that those who pursue the credential have, rather than specific skills attained (Arrow, 1973; Spence, 1973; Stiglitz, 1975; Weiss, 1995) . For the individual, these traits might be intelligence, motivation, or wealth, and for the organization, these traits might be baseline resources, the market environment, or mix of patients. From this perspective, the credential is similar to a seal of approval from the Good Housekeeping Institute or the Underwriters Laboratories, which indicates the inherent safety and quality of products.
From the human capital perspective, credentialing is attractive because it can encourage improvement in the person's or organization's performance. We see support for this perspective in education generally where evidence suggests, for example, that the greatest benefits of college education are not seen by those who were better off to begin with, but rather by those least likely or able to pursue a college education (Hout, 2012 If, however, the credential is a signal of preexisting traits, then encouraging the pursuit of credentialing by those who are not credentialed and likely would not have pursued credentialing may not lead to improved performance. This is because these persons or organizations do not possess the innate traits that deliver the difference in performance seen between those with and those without the credential. In this case, the credential would be valuable as a signal because the credential differentiates the preexisting traits associated with quality for consumers, colleagues, competitors, and employers. If we assume that the credential accurately reflects quality, this information can improve efficiency and overall quality in the health care market.
Let us extend this discussion of what credentialing represents to an organizational credentialing example: Magnet hospitals. Studies have shown that, with few exceptions (e.g., Trinkoff et al., 2010) , care environments in hospitals recognized by the ANCC's Magnet Recognition Program are better than those in non-Magnet hospitals (Kelly et al., 2011; Lacey et al., 2007; Lake and Friese, 2006) . Furthermore, those differences are associated with better outcomes for nurses (Aiken et al., 2008; Upenieks, 2003) and patients (Dunton et al., 2007; Lake et al., 2010; McHugh et al., 2013) . The program is respected and well known; Magnet recognition has been included as a criterion for national hospital ranking and quality benchmarking programs such as U.S. News and World Report's Best Hospitals rankings and the Leapfrog Group hospital ratings (Drenkard, 2010; Leapfrog Group, 2011; McClure and Hinshaw, 2002) . For hospitals that wish to transform their work environment, the Magnet recognition process may provide a replicable blueprint. Choosing to undergo the process required to be recognized as a Magnet hospital, however, is not random, that is, it appears that some hospitals are more likely than others to pursue and ultimately attain Magnet recognition. The program is voluntary, and there are costs associated with engaging in the process. Evidence suggests that Magnet hospitals are more likely to be large, academic teaching hospitals located in places where there is a higher concentration of other Magnet hospitals (Abraham et al., 2011; Powers and Sanders, 2013) .
This situation presents difficulties not only for researchers who are trying to understand the relationship between Magnet status and outcomes but also for administrators trying to determine whether Magnet recognition would be a worthwhile pursuit for their institution. Magnet recognition could be an indicator of preexisting quality. This idea would align with the signaling theory perspective discussed earlier. If this is the case, then the hospitals that could most benefit from the improvements attributed to Magnet recognition are exactly those hospitals least likely to participate. Another possibility is that the benefits seen in Magnet hospitals are an outcome of going through the Magnet recognition process, that is, going through the "Magnet journey" is transformational. It is likely that this is not an either/or situation; the credential probably signals a baseline level of performance and presence of requisite traits, and the process of attaining the credential also fundamentally changes the organization through acquisition of knowledge and skills. The balance between these two factors likely varies across institutions and credentialing programs. Both are likely relevant to acquiring a credential and, to different degrees, account for any observed outcomes differences.
Researchers should consider these phenomena, which introduce analytic challenges because of the alternative possibilities of what the credential represents and the often voluntary self-selection process (Berk, 1983; Heckman, 1979) . To isolate the effect of the accreditation process itself, organizations would have to be randomly assigned to either engage in the Magnet journey or not. Conducting such a randomized experiment would be extremely challenging and is likely infeasible; thus, we must rely on observational study approaches. Although the randomized experiment has long been viewed as the gold standard of research design, it is not without limitations (Black, 1996) . Randomized trials often have limited generalizability, and the results may not be sustained when applied in real-world settings (Dreyer et al., 2010) . Most policy and practice decisions do not (and could not) rely on having perfect information drawn from randomized experiments. The inability to conduct such an experiment should not discourage our pursuit of credentialing research.
Other research approaches, however, can be implemented to improve researchers' ability to assess the likely causality of the relationships measured in observational research. These approaches can help to identify and isolate the confounding effects of any preexisting advantage that individuals or organizations that pursue credentialing have from the credential itself. Typical approaches for addressing causation include conditioning on variables (matching, stratification, weighting, regression, or some combination); instrumental variables; and repeated data (interrupted time series, regression discontinuity, panel data) (Shadish et al., 2002; Winship and Morgan, 2007) .
We see some examples of these analytic approaches in nurse credentialing research. Conditioning on variables in a regression framework to adjust for confounding is one of the more common analytic approaches for estimating causal effects in the social sciences (Winship and Morgan, 2007) . The approach involves regressing the outcome of interest on the independent variable with the addition of control variables. Lake and colleagues (2010), for example, evaluated the relationship between hospital Magnet status and patient falls, including teaching intensity, hospital size, and ownership as control variables. Results indicate that even when controlling for hospital characteristics that differ between Magnet and non-Magnet hospitals and could account for outcomes differences, the fall rate was 5 percent lower in Magnet compared to non-Magnet hospitals. This approach, however, depends on the assumption (among others) that the model is correctly specified (i.e., it includes all relevant variables and takes the appropriate functional form) in order to obtain unbiased estimates of any causal effect. This may or may not be the case; claims of causality based on regression approaches that adjust for confounding alone are some of the most limited, even under the best circumstances (Freedman, 2010) .
Matching is an intuitively appealing approach because the primary goal is to obtain treatment and control groups (e.g., credentialed vs. noncredentialed) that are as similar as possible in regard to the distribution of covariates (Rubin, 2006; Stuart, 2010) . In an experimental framework, random assignment to the treatment or control group guarantees that the distribution of covariates is balanced between groups. Matching (and similar approaches involving weighting or subclassification) allows the researcher to create comparable treatment and control samples based on similarity of covariate distribution. Aiken and colleagues (1994) used a matching approach to examine the effects of Magnet status on inpatient mortality among Medicare beneficiaries. They matched Magnet and non-Magnet hospitals using a propensity score approach that balanced characteristics of the hospitals, including number of beds, average daily census, advanced technology service availability, area population size, and percentage of board-certified physicians, among other characteristics. They found significantly lower Medicare mortality rates for the Magnet hospitals compared to their otherwise similar non-Magnet counterparts.
The matching approach creates an apples-to-apples comparison so that, at least relative to observed variables, the treatment and control groups differ on average only in terms of their treatment status. In that sense, it is similar to an experiment because it focuses our attention on the effect of a treatment and moves us away from the effects of other factors on the outcome of interest. Matching reduces bias that is associated with imbalance in the covariate distributions between treated and control groups and helps to identify the population where the treatment effect would realistically be expected (Rubin and Thomas, 1996; Smith, 1997) . Restricting observations within matching to treated cases and, at best, to a handful of close controls may mean that the sample size of a matching analysis will only be a fraction of that relative to a multivariate regression. However, the truncation in the range of controlled covariates means that statistical efficiency is not compromised and may even be improved (Stuart, 2010) . Matching can also be combined with regression (doubly robust methods) to provide additional protection from misspecified models (Funk et al., 2011) . One approach to matching involves identifying a control group that "just barely" failed to meet standards required for attaining a credential and comparing it to a group that "just barely" attained that credential. This general approach, called regression discontinuity design (Imbens and Lemieux, 2008) , has been used to study the impact of unionization on outcomes (DiNardo and Lee, 2004) , which is another organizational characteristic that is not randomly selected.
The matching framework shares an important limitation with regression analysis and other methods for adjusting observational data: the potential presence of unmeasured factors. It is not uncommon to see skepticism regarding the effects of credentialing, especially when it is reasonable to assume that there are unmeasured aspects of nurses (or hospitals) that factor into both those who seek credentials and those who are productive. A good practice for evaluating such omitted-variable bias is to conduct sensitivity analyses to quantify how large the influence of an unmeasured factor would need to be in order to call into question findings that suggest a treatment effect (Rosenbaum, 2002) . This practice helps quantify how sensitive (or resistant) the finding of treatment effect is to an unmeasured covariate. Although not often done in general, at least one study in nurse credentialing carried out an explicit sensitivity analysis (Witkoski Stimpfel et al., 2014) . This practice should be more regularly carried out.
Another analytic approach is to use longitudinal data in repeated measures analysis; as noted earlier, examples include interrupted time series, regression discontinuity, and panel data methods (Shadish et al., 2002) . Studies with longitudinal data allow the researcher to evaluate temporality (i.e., whether cause precedes the effect)-an essential criterion for establishing a causal relationship (Hill, 1965) . A number of studies have taken advantage of panel data to examine the effect of credentialing at the organizational level (Boyle et al., 2012; Everhart et al., 2014; Jayawardhana et al., 2014) , but fewer studies have used this approach to study individuallevel credentialing. Using longitudinal data, one can include an individual-level or organizationlevel "fixed effect," which is a dummy variable that controls for unknown time-invariant characteristics of the individual or organization.
One approach to addressing the nonrandom selection of individuals or organizations into credentialing is to calculate selectivity variables from regressions of the probability of credentialing. The most common implementation of this method, typically referred to as a Heckman sample selection model, involves estimating a probit regression in the first stage, with the dependent variable measuring the presence of a credential (Heckman, 1979) . The inverse Mills ratio and related variables from this first regression can be added to the outcomes regressions to correct for selectivity (Lee, 1982) . The success of this approach depends, at least in part, on the inclusion of explanatory variables in the first-stage probit regression, which can be excluded from the second-stage regression. Although exclusion restrictions are not required because the first-stage selection model is formally identified by its nonlinear functional form, convincing exclusion restrictions (i.e., variables that affect credentialing but are not directly associated with the outcome) lend more credence to the selection approach.
A second method for addressing nonrandom selection of credentialing involves using simultaneous equations to estimate the likelihood of credentialing and the effect of credentialing on outcomes; this approach is usually called instrumental variables (IV) regression or two-stage least squares (2SLS) regression (Greene, 2011) . This approach is similar to that of a Heckman sample selection model, except that the Heckman model incorporates selectivity variables in the second-stage equation, whereas standard instrumental variables techniques do not. A related approach is called two-stage residual inclusion, which is used when the outcome of interest is not a continuous variable (i.e., when estimating logistic or probit regressions) (Terza, 2008) . The effectiveness of this approach depends on identifying appropriate IVs. An IV should be associated with treatment, should not affect the outcome except by treatment, and should not share any causes with the outcome (Angrist et al., 1996; Newhouse and McClellan, 1998 ). Jayawardhana and colleagues (2014) used an IV approach to show that, although becoming a Magnet-recognized hospital was associated with increased costs, these costs were likely offset by increased revenues.
The identification of appropriate IVs can be challenging. The success of instrumental variables regression is highly dependent on the strength of instruments applied, because the use of weak instruments can bias results (Bound et al., 1995) . There is a lively debate in the literature regarding how one can determine if instruments are "strong enough," and many tests are available to test the strength of proposed IVs (e.g., Andrews and Stock, 2005; Baum et al., 2003; Chernozhukov and Hansen, 2008; Dufour, 2003; Shea, 1997; Staiger and Stock, 1997; Stock et al., 2002) . Jayawardhana and colleagues (2014) used the proportion of Magnet hospitals within each hospital market from the prior year as an instrument for a hospital becoming a Magnet, with the expectation that a hospital's pursuit of a credential might be affected by its competitors' credentials, but a hospital's outcomes will not be affected directly by its competitors' credentials. Other possibilities for instruments include using time or geography; if, for example, a credentialing program was rolled out earlier in some areas than in others for an exogenous reason, this would function as an IV. Despite the increase in the adoption of Magnet recognition as an organizational improvement strategy, little is known beyond cross-sectional studies (Abraham et al., 2011; Powers and Sanders, 2013 ) about factors that influence or impede the likelihood that a hospital will go through the Magnet recognition process. A similar lack of knowledge exists about the motivations for pursuing individual credentialing. More research is needed to answer the question: Who pursues, or does not pursue, credentialing and why? This information would help us understand whether there is an advantage to encouraging and supporting the credentialing of individuals or organizations that would otherwise be less likely to engage in the process on their own. This research would also help to identify the specific selection factors that should be controlled in analysis of outcomes (including through their use as IVs).
Another strategy that can be used to assess whether nonrandom selection is an issue leverages longitudinal data by testing the counterfactual directly, that is, discovering whether particular quality outcomes are present before becoming credentialed to learn whether the outcomes are the result of the credentialing process (Chamberlain, 1982) . For example, one study (McHugh et al., 2013) determined that outcomes did not differ significantly between hospitals that eventually gained Magnet status and non-Magnet hospitals; in other words, the Magnet outcomes advantage did not appear to predate Magnet recognition. This kind of investigation could be expanded.
ARE ALL CREDENTIALS EQUAL?
A principal concern in conducting research, particularly for researchers trying to make causal inferences, is clearly defining the condition that is being studied-in our case, the credential. Regardless of the underlying rigor of the study, confidence in evidence is limited when credentials represent groupings of different items or characteristics. For individual nurse credentialing, the problem is compounded by many credentialing bodies and innumerable credentials (Cary, 2001) . The 2008 National Sample Survey of Registered Nurses, for example, captured hundreds of possible credentials, ranging from functional credentials such as Basic Life Support, which most nurses have, to very specialized credentials such as clinical genetic nursing certification (HRSA, 2010) . This is not to say that this diversity is bad for practice and quality, but it increases the difficulty for researchers to clearly identify and attribute a credentialing effect in the face of so much heterogeneity. A further complication is that some credentialing processes do not adhere to the objective standards required of the types of credentialing programs we have addressed herein. For example, some programs require only attendance, completion, or a passing grade on a knowledge-based assessment for awarding a certificate. Such certificates are ordinarily not seen as credentials because recipients are not required to demonstrate competence according to professional or trade standards (NOCA, 2005) . In attempting to answer the research question, Does credentialing have an effect on outcomes?, it may be that certain credentials matter (or matter more) and that some do not.
In addition, there are significant areas of overlap and duplication. In some specialties, a nurse may be certified by multiple organizations. Thus, it may be difficult to discern which credential matters. This ambiguity presents an opportunity for credentialing organizations and credentialing oversight bodies (e.g., the National Commission for Certifying Agencies) to coordinate their efforts toward standardization and consistent definitions that are clear to researchers, data producers, and the health care community.
Organizational credentialing faces a somewhat different, but equally difficult, issue. The organizational credential is broad and encompasses multiple components. The basis for Magnet recognition, for example, includes five key domains: transformational leadership; structural empowerment; exemplary professional practice; new knowledge, innovations, and improvements; and empirical outcomes. Natural questions that arise include the following: Are all components equally important for outcomes? Is there synergy in the collective set? What and how should credentialing standards change as evidence evolves? To answer such questions, we must have available good data and valid, reliable measures that can identify and quantify the variation in different domains across institutions.
HOW DOES CREDENTIALING WORK TO PRODUCE BETTER OUTCOMES?
Improving our understanding of the process through which credentialing has its effect on outcomes would improve our assessment of the causal effects of credentialing (Hedström and Ylikoski, 2010; Imai et al., 2011) . Such research would focus on the following question: If credentialing leads to better outcomes, why? If a plausible mechanism for why and how credentialing leads to better outcomes cannot be identified, evidence supporting a causal relationship is less compelling. An understanding of mechanisms also helps to understand and clarify theories of causal relationships, linking how we think the world works with evidence about what is actually happening.
Credentialing can influence the quality of care in several ways. In the case of individual nurse credentialing, it is possible that quality of care may differ between credentialed nurses and otherwise similar nurses without the credential because the credentialed nurses provide care differently. To get to this question of whether there are differences in process, we need to establish evidence that: (1) credentialed nurses work differently, and (2) there is a difference in outcomes that could plausibly be attributed to how the nurses work differently. Once an outcomes difference is established, then evaluations of differences in what credentialed and noncredentialed nurses do, and how they do it, may shed light on why patients of credentialed nurses have better outcomes. Qualitative or mixed-methods studies that involve in-depth interviews and direct observation of how credentialed and noncredentialed nurses practice differently may be useful.
Research has been conducted regarding the pathways through which organizational credentialing has its effect. In one study of Magnet hospitals (McHugh et al., 2013) , investigators evaluated whether differences in the nurse work environment, a defining characteristic of Magnet hospitals associated with better outcomes Aiken et al., 2008; IOM, 2003; Kutney-Lee et al., 2009) , are what account for the mortality advantage in Magnet hospitals. This turned out to be the case. Using linked data from nurses, patients, and hospitals, the investigators found significantly lower odds of death following surgery for patients cared for in Magnet compared to non-Magnet hospitals, after accounting for patient and hospital characteristics. Furthermore, this mortality advantage was partly explained by differences in the work environment as reported by nurses. Another study showed that differences in the quality of the nurse work environment explain differences in nurse-reported care quality seen between Magnet and non-Magnet hospitals (Witkoski Stimpfel et al., 2014) . Longitudinal studies are needed to evaluate these processes. For instance, a longitudinal study could examine how changes in the nurse work environment (suggested as a mechanism explaining Magnet differences) vary as a hospital achieves Magnet status and how those changes relate to changes in outcomes.
A variant of the question about the mechanisms through which credentials affect change asks: At what level do the mechanisms operate? For example, it may be that, although the credentialing is at the individual level, the causal relationship and the target for intervention are at the aggregate level. The consideration for outcomes may thus be less about whether an individual nurse is credentialed, and more about whether the organization has many credentialed nurses. In other words, it may take a critical mass of credentialed nurses to influence outcomes, regardless of any individual nurse's credentialing status. If that is the case, then differences in the concentration of credentialed nurses between hospitals matter more for outcomes than differences between credentialed and noncredentialed nurses within hospitals. Another consideration is how the credentialing composition of nurses aligns with that of other health care providers. There may be synergy as more providers across disciplines become credentialed.
The research evaluating relationships between individual credentialing and outcomes has largely been carried out using individual-level data, aggregated to the unit or hospital level. This approach focuses on the proportion of nurses with a credential as an attribute of the clinical environment (e.g., the hospital or unit) (Kendall-Gallagher et al., 2011; Kendall-Gallagher and Blegen, 2009; Newhouse et al., 2005) . The question of whether the key mechanisms operate at the aggregate versus individual level affects the recommendations suggested by research findings. For example, if having a high proportion of credentialed nurses is important, then it would be essential to understand the factors that make a workplace attractive to credentialed nurses, as well as what differentiates hospitals and other employers that place a value on credentialing.
Another key issue is how credentialing works in different contexts. For individual nurses, the benefits of their credentialing may depend on the type, quality, and possibly the credential of their workplace, among other factors. Organizational credentialing is not limited to hospitals; the importance of credentialing may vary for different settings (e.g., hospital, nursing home, or ambulatory care). Joint Commission accreditation and ANCC's Magnet recognition program are examples of organizational credentialing that also occur outside the United States. Our understanding of how these credentialing initiatives work will be advanced with study of whether, and how, they translate to better outcomes in other countries.
WILL THERE BE DATA AND FUNDING?
In addition to an optimal design and advanced methods, we need two other key ingredients to develop a program of research: data and funding. A lack of data often dictates the gap between what we want to do as researchers and what is possible. For research on the impact of individual credentials, the gap is quite large. There are no data collection systems for identifying and tracking individual nurse credentialing. The National Sample Survey of Registered Nurses provided a general overview of the credentialing status of the nursing workforce in the United States. These data were useful for policy planning and labor research. This survey was discontinued as of 2008, however, despite it being a vital source of nursing workforce information and a potential resource for shedding light on additional questions with regard to the relationship between individual credentialing and employment setting, or nurses' income (Spetz, 2013) . Survey research by individual investigators has also been utilized to investigate questions using information about individual nurse credentials (Kendall-Gallagher et al., 2011; Miller and Boyle, 2008) . Such surveys, however, require substantial funding and are often not primarily focused on credentialing.
There are efforts to create a minimum data set on the nurse workforce that would depend on states collaborating in data collection efforts as part of the license renewal process (Spetz, 2013) . A significant ramp-up in participation, funding, and political will are needed to make this minimum data set a viable option. Although questions about registered nurse credentialing are not included in the recommendations of the Forum of State Nursing Workforce Centers (Spetz, 2013) , this information is an important component to include if and when the minimum data set is developed. Another opportunity is through the National Database of Nursing Quality Indicators (NDNQI), 3 which collects hospital and unit-level data on nurses, nurse work environment characteristics, and quality outcomes. Specialty certification information is available at both the individual (Boyle et al., 2012; Miller and Boyle, 2008) and organizational level (Lake et al., 2010) , which has been used for research. The NDNQI data, however, represent a select group of hospitals that elect to (and have the resources to) participate in the benchmarking enterprise. In addition, confidentiality restrictions currently limit investigators' ability to link the NDNQI data with external outcomes data and data that could be used to adjust for confounding. Examples do exist of successful research on the relationship between an individual health care provider's credentialing and patient outcomes outside of nursing, which demonstrate the utility of linked data (Chen et al., 2006; Curtis et al., 2009; Silber et al., 2002) . Using the more widely available data on physician credentials, for example, Silber and colleagues found provider-level differences in outcomes for patients cared for by board-certified anesthesiologists compared with those who were not board certified (Silber et al., 2002) . Currently, research that involves linking individual nurses with their patients across a large number of hospitals is virtually impossible to execute. Excessive data restrictions increase the cost and difficulty of conducting essential research on the relationship between credentialing and patient outcomes and dissuade researchers from pursuing credentialing research questions.
As hospitals and other health care delivery systems begin to pursue big data and analytics solutions, along with implementation of electronic medical records and documentation systems, there are significant opportunities for advancing credentialing data. This effort requires the thoughtful integration of standardized human resources information with the collection and maintenance of credentialing information. Data collection and data systems should be developed with the preceding discussion in mind, and data systems and elements should be designed to capture information that would allow researchers to carry out studies that eliminate, or at least shed light on, some of the current constraints around causal inference. For instance, much of the research on Magnet hospital status is carried out with sparse information from the ANCC that, at most, identifies when a hospital achieved Magnet status, when and how many times a hospital was redesignated (hospitals must undergo periodic reviews to maintain the recognition), and whether and when a hospital lost Magnet status. There is no information pertaining to why a hospital did not maintain its Magnet status, nor is there information on the hospitals that pursued Magnet but did not achieve it. These pieces of information would facilitate evaluations that clarify issues of self-selection, as well as causal mechanisms and relationships with outcomes.
Funding for nurse credentialing research is even more limited than the available data. Of course, funding is more likely to be available if there is an evidence base suggesting that the topic is likely to have a meaningful impact. The increasing emphasis on patient safety and quality of care suggests that there is potential to attract funding for research that explores the role of credentialing individuals or organizations in improving safety and other domains of quality. Nevertheless, given the foundational research needed to gain the attention of federal funders such as the National Institutes of Health, other funding strategies are necessary to carry out the kind of research we have discussed. One possibility is that credentialing organizations allocate a proportion of their revenues to research by independent investigators.
CONCLUSION
Greater attention is being paid to the health workforce as a principle mechanism to achieve organizational change and improve health care quality. Much of the capacity of the workforce to contribute to high-quality and efficient care is determined by education, licensing, and certification and whether and how organizations value these factors. Our current understanding based on nurse credentialing research hints at the potential for important gains in quality, safety, and cost-effectiveness. This research, however, is relatively nascent and has yet to take full advantage of all available analytic approaches and conceptual considerations. Carefully designed and reasonably funded research using good quality data could provide improved evidence that would increase legitimacy and guide improvements in a credentialing process. In addition to the areas of inquiry posed throughout this discussion, priority questions include the following:
 How should credentialing programs be designed and implemented to improve patient outcomes? What are the critical components of these programs?
 What motivates individuals and organizations to pursue credentialing?  Should credentialing be viewed as a journey or as an achievement? In other words, should all eligible individuals and organizations be encouraged to take the journey, or should only the best be recognized for their achievement?  Given limited resources, as well as the monetary and time commitments involved, is credentialing cost-effective from different stakeholders' perspectives?  Who should pay for credentialing? Should it be viewed as a private good with its own market-based rewards? Or should it be viewed as a public good that deserves public investment? Answers to these and other questions based on findings from rigorous studies can be used to shape credentialing programs and increase the value of investment in credentialing by individuals and organizations.
